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Factors Associated with Infection Following
Anterior Cruciate Ligament Reconstruction
Robert H. Brophy, MD, Rick W. Wright, MD, Laura J. Huston, MS,
Samuel K. Nwosu, MS, the MOON Knee Group*, and Kurt P. Spindler, MD
Investigation performed at Washington University School of Medicine, St. Louis, Missouri,
and Vanderbilt University Medical Center, Nashville, Tennessee

Background: Although rare, infection can be devastating after anterior cruciate ligament (ACL) reconstruction. The
purpose of this study was to test the association between infection after ACL reconstruction and potential risk factors
such as age, body mass index (BMI), smoking, diabetes, and graft choice.
Methods: We reviewed the Multicenter Orthopaedic Outcomes Network (MOON) cohort from 2002 to 2005 to identify
patients with a postoperative infection. The age, BMI, smoking status, history of diabetes, and graft choice were recorded
for each patient. A multivariable regression analysis was constructed to examine which baseline risk factors were independently associated with postoperative infection after ACL reconstruction requiring surgical intervention.
Results: There were 2198 eligible patients in the cohort, with seventeen (0.8%) reporting a postoperative infection.
Diabetes was found to be a signiﬁcant risk factor for infection (odds ratio [OR] = 18.8; 95% conﬁdence interval [CI] = 3.8 to
94.0; p < 0.001). Compared with bone-tendon-bone autograft, both hamstring autograft and other grafts (e.g., the majority
of allografts, with some that were both autograft and allograft) also increased the risk of infection (OR = 4.6 [95% CI = 1.2
to 17.9; p = 0.026] for hamstrings and 4.3 [95% CI = 1.0 to 18.1; p = 0.047] for other grafts). Although the OR for infection
in smokers was 2.5, this ﬁnding did not reach signiﬁcance.
Conclusions: Patients with diabetes undergoing ACL reconstruction have a signiﬁcantly elevated risk of postoperative
infection (18.8-times higher odds) compared with that for patients without diabetes. Use of bone-tendon-bone autograft is
associated with a lower risk of infection after ACL reconstruction.
Level of Evidence: Prognostic Level II. See Instructions for Authors for a complete description of levels of evidence.

Peer Review: This article was reviewed by the Editor-in-Chief and one Deputy Editor, and it underwent blinded review by two or more outside experts. It was also reviewed
by an expert in methodology and statistics. The Deputy Editor reviewed each revision of the article, and it underwent a ﬁnal review by the Editor-in-Chief prior to publication.
Final corrections and clariﬁcations occurred during one or more exchanges between the author(s) and copyeditors.

I

nfection is a relatively rare but potentially serious complication
after anterior cruciate ligament (ACL) reconstruction1-4. Because
of the low prevalence of infection after ACL reconstruction,
a study of such infections requires a large cohort in order to control
for heterogeneous factors and to facilitate meaningful analysis
of associated risk factors. Recent studies on infection after ACL re-

construction have demonstrated that graft choice may be a risk
factor1,4. Smoking has been shown to be a risk factor for infection
after orthopaedic surgery5,6, and obesity increases the risk of infection after spinal surgery7,8 and arthroplasty9,10. Diabetes is well known
to be associated with an elevated risk of surgical site infections in
a variety of surgical specialties11-13, including orthopaedics8,14-19.

*MOON Knee Group members: Christopher C. Kaeding, MD (The Ohio State University); Richard D. Parker, MD, and Jack T. Andrish, MD (Cleveland Clinic
Foundation); Robert G. Marx, MD, MSc (Hospital for Special Surgery); Annunziato Amendola, MD, and Brian R. Wolf, MD, MS (University of Iowa); Eric C.
McCarty, MD (CU Sports Medicine); and Warren R. Dunn, MD, MPH (University of Wisconsin).
Disclosure: One or more of the authors received payments or services, either directly or indirectly (i.e., via his or her institution), from a third party in
support of an aspect of this work. In addition, one or more of the authors, or his or her institution, has had a ﬁnancial relationship, in the thirty-six months
prior to submission of this work, with an entity in the biomedical arena that could be perceived to inﬂuence or have the potential to inﬂuence what is written
in this work. Also, one or more of the authors has had another relationship, or has engaged in another activity, that could be perceived to inﬂuence or have
the potential to inﬂuence what is written in this work. The complete Disclosures of Potential Conﬂicts of Interest submitted by authors are always
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TABLE I Patient Characteristics by Infection Status
No. of Patients
with Data
Age* (yr)

2198

BMI* (kg/m2)

2161

Diabetes

2198

No
Yes
Smoker

Infection Status
No (N = 2181)

Yes (N = 17)

26.8 ± 11.0
(17/24/35)

24.5 ± 9.6
(18/20/30)

25.7 ± 4.8
(22.4/25.0/28.1)

25.2 ± 6.1
(23.0/24.4/25.8)

Combined (N = 2198)
26.8 ± 11.0
(17/24/35)
25.7 ± 4.8
(22.4/25.0/28.1)

F1,2196 = 0.25,
p = 0.62†
F1,2159 = 1,
p = 0.31†
x(2/1) = 19,
p < 0.001‡

99% (2160/2181)
1% (21/2181)

88% (15)
12% (2)

99% (2175/2198)
1% (23/2198)
x(2/1) = 1.2,
p = 0.28‡

2160

No

90% (1933/2143)

82% (14)

90% (1947/2160)

Yes

10% (210/2143)

18% (3)

10% (213/2160)

Graft type§

Test Statistic

x(2/2) = 4.7,
p = 0.098‡

2198

BTB autograft
Hamstring autograft

43% (928/2181)
29% (631/2181)

18% (3)
47% (8)

42% (931/2198)
29% (639/2198)

Other

29% (622/2181)

35% (6)

29% (628/2198)

*The values are given as the mean and standard deviation, with percentiles (25th, 50th, and 75th) for continuous variables in parentheses.
†Wilcoxon test. ‡Pearson test. §BTB = bone-tendon-bone.

One study of infections after ACL reconstruction noted that
<1% of 801 patients undergoing this surgery had diabetes20.
Therefore, in order to study the potential impact of diabetes on
patients undergoing ACL reconstruction, a very large cohort would
be necessary. The prospective cohort followed by the Multicenter
Orthopaedic Outcomes Network (MOON) Group21 provides an
excellent opportunity to look at risk factors for infection after ACL
reconstruction. The purpose of the present study was to test the
hypothesis that patient age, body mass index (BMI), smoking
status, diabetes, and graft choice are associated with the risk of
infection in patients undergoing ACL reconstruction.
Materials and Methods

F

or the present study, we reviewed the cases of patients who had been initially
enrolled between 2002 and 2005 in the prospectively followed MOON ACL
21
reconstruction cohort . All patients undergoing unilateral ACL reconstruction
during this time period were eligible. Following documentation of informed
consent, patients completed a questionnaire regarding self-reported demographic
information, injury characteristics, sports participation history, and health status
21,22
prior to their surgery . Patients who self-reported diabetes on the basis of
comorbidity questions within the questionnaire prior to surgery were identiﬁed
from the database. Six-year follow-up data on subsequent surgical procedures
were obtained, and all procedures were categorized.
For the purposes of this study, an infection was deﬁned as an ACL
reconstruction that required a postoperative surgical irrigation and debridement.
Clinical data such as the absence or presence of an effusion, fever, or culture were
not available. Infections that were managed with antibiotics alone were not
included in this study.
Only twenty-three (1%) of 2198 patients who had an ACL reconstruction
had diabetes. In order to conﬁrm the accuracy of the diagnosis, the medical
records from ten patients with accessible information were reviewed as a conve-

nience sample. All ten of these patients identiﬁed in the MOON database as having
a diagnosis of diabetes were conﬁrmed through a review of their medical charts to
have the disease at the time of ACL reconstruction.
Patient age, BMI, smoking status, a diagnosis of diabetes at the time of
surgery, and graft choice were the independent variables evaluated. These variables were summarized to assess their individual distribution; continuous variables were expressed as percentiles (i.e., 25th, 50th, and 75th) with their mean
and standard deviation, and categorical variables were given as frequencies and
percentages. Multivariable regression analysis was performed to examine which
baseline risk factors were independently associated with the dependent outcome
variable of surgical irrigation and debridement for infection after ACL reconstruction. A multivariable logistic regression model was ﬁt to the data, and
parameter estimates were exponentiated to obtain odds ratios (ORs) and 95%
conﬁdence intervals (CIs). To avoid casewise deletion of records with missing
covariates, we employed multiple imputations via predictive mean matching.
Statistical analysis was performed using the R statistical software.

Source of Funding
This study was partially funded by grants K23 AR052392 (W.R.D.) and R01
AR053684 (K.P.S.) from the National Institutes of Health/National Institute of
Arthritis and Musculoskeletal and Skin Diseases. Unrestricted educational gifts
were provided by Smith & Nephew Endoscopy and DonJoy Orthopaedics.

Results
total of 2198 patients were available for analysis. The average
age (and standard deviation) of the cohort was 27 ± 11 years,
with a BMI of 25.7 ± 4.8 kg/m2. Ten percent were smokers, and
1% of the cohort had diabetes at the time of ACL reconstruction.
Bone-tendon-bone (BTB) autograft was the most common graft
choice, making up 43% of the overall cohort, with hamstring
autograft used in 29% of the reconstructions and other grafts
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TABLE II Model Estimates

Characteristic

Odds
Ratio

95% CI

P Value

Age

0.956

0.91-1.01

0.106

BMI

0.977

0.87-1.09

0.680

18.807

3.76-93.97

2.541

0.68-9.55

0.167

Hamstring autograft

4.631

1.20-17.91

0.026

Other

4.295

1.02-18.11

0.047

Diabetes mellitus
Smoker

<0.001

Graft type, relative to BTB
autograft

(deﬁned in the present study as any allograft or both allograft
and autograft) used in 29%.
The overall rate of infection in the cohort was 0.77%
(seventeen of 2198 patients). The distribution of risk factors
between those with and those without infection was noted
(Table I). In a comparison of the distribution of risk factors
between patients who developed a postoperative infection after
ACL reconstruction and those who did not, the only signiﬁcant
factor was diabetes, as the rate of infection was 8.7% in patients
with diabetes and 0.7% in patients without diabetes (p < 0.001).
In the model estimates of the odds for infection (Table II),
diabetes and graft choice were found to be signiﬁcant risk factors
for infection. Diabetes increased the odds of infection by 18.8 times
(95% CI = 3.8 to 94.0; p < 0.001). Hamstring autograft and other
graft choices were associated with an increased odds of infection
(OR = 4.6 [95% CI = 1.2 to 17.9; p = 0.026] and 4.3 [95% CI =
1.02 to 18.1; p = 0.047], respectively) compared with BTB autograft. Patient age and BMI were not associated with the risk of
infection in this cohort. Although the OR for infection in smokers
was 2.5, the ﬁnding did not reach signiﬁcance in this cohort.
Discussion
ostoperative infection is a rare event after ACL reconstruction, but diabetes and graft choice affect the relative risk of
this complication. The present study is the ﬁrst, to our knowledge, to establish diabetes as a risk factor for infection after ACL
reconstruction, while the inﬂuence of graft choice is consistent
with ﬁndings in previous studies1,4. Patient age and BMI did not
inﬂuence the risk of postoperative infection after ACL reconstruction in this cohort, and there was insufﬁcient evidence to
establish an association between smoking and infection.
The rate of infection after ACL reconstruction in the present study is similar to rates previously reported in the literature.
Maletis et al.4 reported an overall rate of infection of 0.48% after
10,626 ACL reconstructions, while Barker et al.1 reported a rate of
0.58% in 3126 patients. Judd et al.3 reported a rate of 0.68% in
1615 ACL reconstructions compared with an overall rate of
0.75% in 801 ACL reconstructions reported by Katz et al.20.
The increased risk of infection associated with diabetes is
not surprising, considering similar evidence for other types of
orthopaedic surgery. In a study of orthopaedic procedures in an

P
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ambulatory surgery center, diabetes was a signiﬁcant risk factor
(OR = 3.05) for surgical site infection23. Multiple studies have
demonstrated that diabetes is associated with an elevated risk of
infection after spine surgery8,14,16,19. In studies on joint arthroplasty involving patients with diabetes, most have found that
such patients have a greater risk of infection15,17,18, although a few
have not found diabetes to be a signiﬁcant risk factor10. Patients
with diabetes should be counseled about their increased risk of
infection at the time of ACL reconstruction. What we could not
measure in the present study was the inﬂuence of glycemic
control, which has been shown to be an important variable
affecting infection risk after other knee operations24, on the
relative risk of infection after ACL reconstruction.
While there has been some evidence that hamstring autograft is associated with a higher risk of infection than BTB autograft1,4, this is the ﬁrst study, as far as we know, to demonstrate an
increased risk of infection associated with allograft compared with
BTB autograft. The prevalence of infection was 0.3% in patients
receiving BTB autograft compared with 1.3% in patients receiving
hamstring autograft and 1.0% in patients receiving other grafts.
This suggests that BTB autograft may be preferable in patients
with diabetes to mitigate their increased risk of infection. Two of
the seventeen patients with diabetes developed infections; one had
a hamstring graft and the other had an allograft. More research is
needed to assess why infection rates vary by graft type and whether
the use of BTB autograft could partially offset the increased risk of
infection in patients with diabetes.
While the difference in the risk of infection between BTB
autograft and hamstring autograft is signiﬁcant, the clinical
relevance may be debated, particularly since the underlying
mechanisms contributing to graft-based differences in infection
risks are not immediately obvious. Perhaps the timing of the
graft harvest during the procedure inﬂuences this risk as surgeons often harvest the hamstring tendon early in the operation
and may harvest a BTB autograft later in the procedure, although
this is not always the case. The elevated risk of infection with
hamstring autograft may be due to the more extensive deep
dissection required, with the potential for hematoma formation
in the area of the graft harvest. Alternatively, there may be an
intrinsic aspect of the BTB autograft that provides innate protection against infection.
Age and BMI did not have any association with the risk of
infection after ACL reconstruction in this model. The present
cohort was relatively young (mean, 27 ± 11 years old) and lean
(mean BMI, 25.7 ± 4.8 kg/m2), which may have limited the
sensitivity of the analysis for these variables, particularly for
older and heavier patients. However, the cohort is representative
of patients typically undergoing ACL reconstruction, which
supports the generalizability of this ﬁnding. In the recent study
by Maletis et al.4, BMI was not associated with the overall rate of
infection but was associated with an increased risk of superﬁcial
surgical site infections.
Smoking has been associated with an increased risk of
infection in other types of orthopaedic surgery5,6. With a 10%
prevalence of smoking in this cohort, it is possible that the study
was not adequately powered to assess the impact of smoking on

453
TH E JO U R NA L O F B O N E & JO I N T SU RG E RY J B J S . O RG
V O L U M E 97-A N U M B E R 6 M A R C H 18, 2 015
d

d

d

infection risk in this patient group. There are relatively few data
on the effect of smoking on outcomes after ACL reconstruction25, and we are not aware of any previous study on the relationship of smoking status to infection risk in patients having
ACL reconstruction. The elevated odds ratio for infection among
smokers, which did not reach signiﬁcance in our cohort, suggests
further research is needed.
The present study has numerous strengths and several
weaknesses. The MOON cohort is prospective and relatively large
and has data collected at several centers, which improves generalizability. The diabetes diagnosis is self-reported within a comorbidity section of the questionnaire. Although we conﬁrmed
that those who reported diabetes did in fact have the disease, it is
possible that we are underreporting if some patients were not
aware that they had diabetes at the time of their ACL reconstruction. Screening for diabetes prior to ACL reconstruction is
not currently the standard of care. The study may have been
underpowered, particularly to measure the effect of smoking and
possibly patient age and BMI as well. With an effective sample
size of seventeen, small changes in the data can have a substantial
inﬂuence on the analysis. Furthermore, only ﬁve variables were
included in the regression model to avoid “overﬁtting” the data.
As a result, other variables that could conceivably relate to the risk
of infection, such as use of a tourniquet, tourniquet time, or
surgical center, were not included in the multivariable analysis.
Data on whether preoperative antibiotics were used and, if so,
which antibiotics were used were not available. The type and
location of ﬁxation were other potential variables of interest that
were not available in the data set for analysis. Finally, data on the
type and antibiotic sensitivity of the infecting microorganisms
were not available for the infections.
Despite these limitations, this is the ﬁrst study, to our
knowledge, to demonstrate that diabetes is a risk factor for infection after ACL reconstruction. Patients with diabetes were over
eighteen times more likely to have a postoperative infection than
were nondiabetic patients. BTB autograft is associated with a
lower risk of infection after ACL reconstruction than other graft
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choices. Further research could more precisely deﬁne the association of BMI and smoking with the risk of infection after ACL
reconstruction. These ﬁndings will help surgeons and patients to
have an informed discussion of the risk of infection after ACL
reconstruction and, hopefully, lead to further research efforts into
ways to mitigate these risk factors. n
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2. Binnet MS, Başarir K. Risk and outcome of infection after different arthroscopic
anterior cruciate ligament reconstruction techniques. Arthroscopy. 2007 Aug;23
(8):862-8.
3. Judd D, Bottoni C, Kim D, Burke M, Hooker S. Infections following arthroscopic
anterior cruciate ligament reconstruction. Arthroscopy. 2006 Apr;22(4):375-84.
4. Maletis GB, Inacio MC, Reynolds S, Desmond JL, Maletis MM, Funahashi TT. Incidence of postoperative anterior cruciate ligament reconstruction infections: graft choice
makes a difference. Am J Sports Med. 2013 Aug;41(8):1780-5. Epub 2013 Jun 7.
5. Argintar E, Triantaﬁllou K, Delahay J, Wiesel B. The musculoskeletal effects of
perioperative smoking. J Am Acad Orthop Surg. 2012 Jun;20(6):359-63.
6. Li GQ, Guo FF, Ou Y, Dong GW, Zhou W. Epidemiology and outcomes of surgical
site infections following orthopedic surgery. Am J Infect Control. 2013 Dec;41
(12):1268-71. Epub 2013 Jul 25.
7. Jiang J, Teng Y, Fan Z, Khan S, Xia Y. Does obesity affect the surgical outcome
and complication rates of spinal surgery? A meta-analysis. Clin Orthop Relat Res.
2014 Mar;472(3):968-75. Epub 2013 Oct 22.
8. Olsen MA, Nepple JJ, Riew KD, Lenke LG, Bridwell KH, Mayﬁeld J, Fraser VJ. Risk
factors for surgical site infection following orthopaedic spinal operations. J Bone
Joint Surg Am. 2008 Jan;90(1):62-9.

9. Bozic KJ, Ward DT, Lau EC, Chan V, Wetters NG, Naziri Q, Odum S, Fehring TK,
Mont MA, Gioe TJ, Della Valle CJ. Risk factors for periprosthetic joint infection following primary total hip arthroplasty: a case control study. J Arthroplasty. 2014
Jan;29(1):154-6. Epub 2013 May 20.
10. Namba RS, Inacio MC, Paxton EW. Risk factors associated with surgical site
infection in 30,491 primary total hip replacements. J Bone Joint Surg Br. 2012
Oct;94(10):1330-8.
11. Gummert JF, Barten MJ, Hans C, Kluge M, Doll N, Walther T, Hentschel B,
Schmitt DV, Mohr FW, Diegeler A. Mediastinitis and cardiac surgery—an updated
risk factor analysis in 10,373 consecutive adult patients. Thorac Cardiovasc Surg.
2002 Apr;50(2):87-91.
12. Heal C, Buettner P, Browning S. Risk factors for wound infection after minor
surgery in general practice. Med J Aust. 2006 Sep 4;185(5):255-8.
13. Robinson PJ, Billah B, Leder K, Reid CM; ASCTS Database Committee. Factors
associated with deep sternal wound infection and haemorrhage following cardiac surgery
in Victoria. Interact Cardiovasc Thorac Surg. 2007 Apr;6(2):167-71. Epub 2006 Dec 5.
14. Chen S, Anderson MV, Cheng WK, Wongworawat MD. Diabetes associated with
increased surgical site infections in spinal arthrodesis. Clin Orthop Relat Res. 2009
Jul;467(7):1670-3. Epub 2009 Feb 19.
15. Chiu FY, Lin CF, Chen CM, Lo WH, Chaung TY. Cefuroxime-impregnated cement
at primary total knee arthroplasty in diabetes mellitus. A prospective, randomised
study. J Bone Joint Surg Br. 2001 Jul;83(5):691-5.

454
TH E JO U R NA L O F B O N E & JO I N T SU RG E RY J B J S . O RG
V O L U M E 97-A N U M B E R 6 M A R C H 18, 2 015
d

d

d

16. Fang A, Hu SS, Endres N, Bradford DS. Risk factors for infection after spinal
surgery. Spine (Phila Pa 1976). 2005 Jun 15;30(12):1460-5.
17. Jain NB, Guller U, Pietrobon R, Bond TK, Higgins LD. Comorbidities increase
complication rates in patients having arthroplasty. Clin Orthop Relat Res. 2005
Jun;435:232-8.
18. Meding JB, Reddleman K, Keating ME, Klay A, Ritter MA, Faris PM, Berend ME.
Total knee replacement in patients with diabetes mellitus. Clin Orthop Relat Res.
2003 Nov;416:208-16.
19. Wimmer C, Gluch H, Franzreb M, Ogon M. Predisposing factors for infection in spine
surgery: a survey of 850 spinal procedures. J Spinal Disord. 1998 Apr;11(2):124-8.
20. Katz LM, Battaglia TC, Patino P, Reichmann W, Hunter DJ, Richmond JC. A
retrospective comparison of the incidence of bacterial infection following anterior
cruciate ligament reconstruction with autograft versus allograft. Arthroscopy. 2008
Dec;24(12):1330-5. Epub 2008 Sep 13.
21. Wright RW, Dunn WR, Amendola A, Andrish JT, Bergfeld J, Kaeding CC, Marx RG,
McCarty EC, Parker RD, Wolcott M, Wolf BR, Spindler KP. Risk of tearing the intact

F A C T O R S A S S O C I AT E D W I T H I N F E C T I O N F O L L O W I N G
A N T E R I O R C R U C I AT E L I G A M E N T R E C O N S T R U C T I O N

anterior cruciate ligament in the contralateral knee and rupturing the anterior cruciate
ligament graft during the ﬁrst 2 years after anterior cruciate ligament reconstruction: a
prospective MOON cohort study. Am J Sports Med. 2007 Jul;35(7):1131-4. Epub
2007 Apr 23.
22. Spindler KP, Warren TA, Callison JC Jr, Secic M, Fleisch SB, Wright RW. Clinical
outcome at a minimum of ﬁve years after reconstruction of the anterior cruciate
ligament. J Bone Joint Surg Am. 2005 Aug;87(8):1673-9.
23. Edmonston DL, Foulkes GD. Infection rate and risk factor analysis in an
orthopaedic ambulatory surgical center. J Surg Orthop Adv. 2010 Fall;19(3):
174-6.
24. Marchant MH Jr, Viens NA, Cook C, Vail TP, Bolognesi MP. The impact of glycemic control and diabetes mellitus on perioperative outcomes after total joint arthroplasty. J Bone Joint Surg Am. 2009 Jul;91(7):1621-9.
25. Kanneganti P, Harris JD, Brophy RH, Carey JL, Lattermann C, Flanigan DC. The
effect of smoking on ligament and cartilage surgery in the knee: a systematic review.
Am J Sports Med. 2012 Dec;40(12):2872-8. Epub 2012 Sep 12.

